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Abstract

The present study investigates the effect of sulfonylurea glibenclamide on the cytotoxicity of 1-methyl-4-phenylpyridinium (MPP") in
differentiated PC12 cells in relation to changes in the mitochondrial membrane permeability. Glibenclamide and tolbutamide reduced the MPP"-
induced cell death and GSH depletion concentration dependently with a maximal inhibitory effect at 5—10 pM. Despite the toxic effect at 20 uM,
sulfonylureas showed an inhibitory effect. N-Acetylcysteine, superoxide dismutase, catalase, 2-(4-carboxyphenyl)-4,4,5,5-tetramethylimidazoline-
1-oxyl-3-oxide and Mn(III) tetrakis(4-benzoic acid)porphyrin chloride inhibited the cytotoxicity of MPP". Glibenclamide attenuated the nuclear
damage, changes in the mitochondrial membrane permeability, caspase-3 activation and formation of reactive oxygen species due to MPP" in
PC12 cells. The results show that glibenclamide may reduce the MPP"-induced viability loss in PC12 cells by suppressing the changes in the
mitochondrial membrane permeability, leading to the release of cytochrome ¢ and subsequent activation of caspase-3, which are associated with
the increased reactive oxygen species formation and depletion of GSH.
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1. Introduction

The membrane permeability transition of mitochondria is
known as a central event in the course of a variety of toxic and
oxidative forms of cell injury as well as apoptosis (Crompton,
1999). Opening of the mitochondrial permeability transition
pore causes a depolarization of the transmembrane potential,
releases of Ca®" and cytochrome ¢, osmotic swelling and loss of
oxidative phosphorylation. The permeability transition pore
plays a critical role in cell death due to neurotoxin 1-methyl-4-
phenylpyridinium (MPP"). Neuronal cell death due to MPP" is
mediated by opening of the mitochondrial permeability transi-
tion pore, release of cytochrome ¢ and activation of caspases
(Cassarino et al., 1999; Lotharius et al., 1999; Lee et al., 2000,
2002). Infusion of MPP" into the brains of mice and rats
increases the formations of lipid peroxides and hydroxyl radi-
cals in the striatum (Rojas and Rios, 1993; Obata, 2003). In
contrast, MPP" does not induce lipid peroxidation in PC12 cells
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and antioxidants do not prevent the MPP*-induced decrease in
[*H] dopamine uptake in cells (Fonck and Baudry, 2001). It is
therefore uncertain whether reactive oxygen species is involved
in cytotoxicity of MPP".

Antidiabetic sulfonylureas, including glibenclamide, exhibit
an inhibitory effect on surface and mitochondrial ATP-sensitive
potassium (Karp) channels (Szewczyk and Marban, 1999;
Busija et al., 2004). Sulfonylureas induce the Ca** influx and
insulin release in and from pancreatic islets, which is mediated
by inhibition of K sp channels (Emilien et al., 1999). The Katp
channels in various types of cells are suggested as a therapeutic
target in the treatment of diseases, including diabetes, heart
failure and tissue ischemia and as an action site for neuropro-
tection (Busija et al., 2004). Opening of surface K,tp channels
leads to hyperpolarization of cells and inhibition of Ca*" influx
(Szewczyk and Marban, 1999; Busija et al., 2004). Meanwhile,
the activation of the mitochondrial K,pp channels, which are
identified in the inner membrane of mitochondria, causes a
mitochondrial depolarization. Diazoxide, a K channel opener,
has been shown to protect neuronal cells against the toxicities
of amyloid p-peptide and glutamate, which is inhibited by 5-
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hydroxydecanoate, a selective mitochondrial Krp channel in-
hibitor, and glibenclamide (Goodman and Mattson, 1996; Nagy
et al., 2004).

Unlike the effect on diazoxide, the effect of sulfonylureas
against neuronal cell injury has not been elucidated. Glibencla-
mide and tolbutamide are demonstrated to induce apoptotic cell
death in cultured human islet B-cells by closing K tp channels
(Rustenbeck et al., 2004; Maedler et al., 2005). Glibenclamide
induces cell death in rat insulinoma cell line by increasing Ca®"
influx (Iwakura et al., 2000). In contrast, the toxic effect of
tolbutamide on pancreatic islets is not mediated by Ca®" influx
(Rustenbeck et al., 2004). Nevertheless, sulfonylurea gliclazide
reduces hydrogen peroxide-induced apoptotic cell death in
pancreatic 3-cells (Kimoto et al., 2003). In addition, the effect
of sulfonylureas against toxic or oxidative neuronal cell injury
is uncertain. The action mechanism also has not been clarified.
The aim of the present study was to investigate the effect of
glibenclamide on the cytotoxicity of MPP" in differentiated
PC12 cells in relation to changes in the mitochondrial mem-
brane permeability.

2. Materials and methods
2.1. Materials

TiterTACS™ colorimetric apoptosis detection kit was pur-
chased from Trevigen, Inc. (Gaithersburg, MD); Quantikine®
M rat/mouse cytochrome ¢ assay kit was from R&D systems
(Minneapolis, MN); anti-cytochrome ¢ (A-8) was from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA); horseradish perox-
idase-conjugated anti-mouse IgG was from EMD-Calbiochem.
Co. (La Jolla, CA); SuperSignal® West Pico chemilumines-
cence substrate was from PIERCE Biotechnology Inc. (Rock-
ford, IL); ApoAlert™ CPP32/caspase-3 assay kit was from
CLONTECH Laboratories Inc. (Palo Alto, CA); and Mn(III)
tetrakis(4-benzoic acid)porphyrin chloride (Mn-TBAP) was
from OXIS International Inc. (Portland, OR). Glibenclamide,
tolbutamide, 1-methyl-4-phenylpyridinium (MPP"), superoxide
dismutase (SOD, from bovine erythrocytes; 2500—7000 units/
mg protein), catalase (from bovine liver; 10,000-25,000 units/
mg protein), 2-(4-carboxyphenyl)-4,4,5,5-tetramethylimidazo-
line-1-oxyl-3-oxide (carboxy-PTIO), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT), 3,3’-dihexylo-
xacarbocyanine iodide (DiOCg(3)), 2’,7’-dichlorofluorescin
diacetate (DCFH,-DA), 5,5’-dithio-bis-(2-nitrobenzoic acid)
(DTNB), phenylmethylsulfonylfluoride (PMSF) and other che-
micals were purchased from Sigma-Aldrich Inc. (St. Louis, MO).
Protein concentration was determined by the method of Bradford
according to the manufacturer’s instructions (Bio-Rad Laborato-
ries, Hercules, CA).

2.2. Cell culture

Rat PC12 cells (adrenal gland; pheochromocytoma) were
obtained from Korean cell line bank (Seoul, South Korea).
PC12 cells were cultured in RPMI medium supplemented
with 10% heat-inactivated horse serum, 5% fetal bovine

serum (FBS), 100 units/ml of penicillin and 100 pg/ml of
streptomycin as described in the manual of the cell line
bank. Cells were differentiated by treating with 100 ng/ml
7S nerve growth factor for 9 days (Tatton et al., 2002). Cells
were washed with RPMI medium containing 1% FBS 24
h before experiments and replated onto the 96- and 24-well
plates.

2.3. Cell viability assay

Cell viability was measured by using the MTT assay, which
is based on the conversion of MTT to formazan crystals by
mitochondrial dehydrogenases (Mosmann, 1983). PC12 cells
(4 x 10 cells/200 pl) were treated with MPP" for 24 h at 37 °C.
The medium was incubated with 10 pl of 10 mg/ml MTT
solution for 2 h. The culture medium was removed and 100
ul dimethyl sulfoxide was added to each well to dissolve the
formazan. Absorbance was measured at 570 nm using a micro-
plate reader (Spectra MAX 340, Molecular Devices Co., Sun-
nyvale, CA). Cell viability was expressed as a percentage of the
value in control cultures.

2.4. Morphological observation of nuclear change

PCI12 cells (1x10° cells/ml) were treated with MPP" for
24 h at 37 °C and the nuclear morphological change was
assessed using the Hoechst dye 33258 (Oberhammer et al.,
1992). Cells were washed with 1 ml of phosphate-buffered
saline (PBS) and incubated with 1 pg/ml Hoechst 33258 for 3
min at room temperature. Nuclei were visualized using an
Olympus Microscope with a WU excitation filter (Tokyo,
Japan).

2.5. Measurement of apoptosis in cells

Apoptosis was assessed by measuring the DNA fragmenta-
tion, which occurs following the activation of endonucleases.
PC12 cells (1% 10° cells/200 ul) were treated with MPP™ for 24
h at 37 °C, washed with PBS and fixed with 3.7% buffered
formaldehyde solution. Nucleotide (ANTP) was incorporated at
the 3’-ends of DNA fragments using terminal deoxynucleotidyl
transferase (TdT) and the nucleotide was detected using a
streptavidin-horseradish ~ peroxidase and TACS-Sapphire
according to TiterTACS protocol. Data were expressed as ab-
sorbance at 450 nm.

2.6. Flow cytometric measurement of mitochondrial transmem-
brane potential

Changes in the mitochondrial transmembrane potential
during the MPP"-induced apoptosis in PC12 cells were quan-
tified by flow cytometry with the cationic lipophilic dye
DiOC¢(3) (Isenberg and Klaunig, 2000). Cells (1x10° cells/
ml) were treated with H,O, for 24 h at 37 °C, DiOCg(3) (40
nM) added to the medium and cells incubated for 15 min at
37 °C. After centrifugation at 412xg for 10 min, the super-
natants were removed and the pellets suspended in 1 ml of
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PBS containing 0.5 mM EDTA. For analysis, a FACScan cyto-
fluorometer (Becton Dickinson, San Jose, CA) with argon laser
excitation at 501 nm was used to assess 10,000 cells from each
sample.

2.7. Measurement of cytochrome c release

The release of cytochrome ¢ from mitochondria into the
cytosol was assessed by using a solid-phase enzyme-linked
immunosorbent assay kit and by Western blot analysis. PC12
cells (5%10° cells/ml for ELISA assay and 5x10° cells for
Western blotting) were harvested by centrifugation at 412xg for
10 min, washed twice with PBS, resuspended in buffer (in
mM): sucrose 250, KCI 10, MgCl, 1.5, EDTA 1, EGTA 1,
dithiothreitol 0.5, PMSF 0.1 and HEPES—-KOH 20, pH 7.5 and
homogenized further by successive passages through a 26-
gauge hypodermic needle. The homogenates were centrifuged
at 100,000xg for 30 min and the supernatant was used for
analysis of cytochrome c¢. The supernatants were added to the
96-well microplates coated with monoclonal antibody specific
for rat/mouse cytochrome c that contains cytochrome ¢ conju-
gate. The procedure was performed according to the manufac-
turer’s instructions. Absorbance of samples was measured at
450 nm in a microplate reader. A standard curve was con-
structed by adding diluted solutions of cytochrome ¢ standard,
handled like samples, to the microplates coated with monoclo-
nal antibody. The amount was expressed as ng/ml by reference
to the standard curve.

For Western blotting, supernatants were mixed with sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) sample buffer and boiled for 5 min. Samples (25 pg/
ml protein) were loaded onto each lane of 12% SDS-polyacryl-
amide gel and transferred onto nitrocellulose membranes (Bio-
Rad Laboratories). Membranes were blocked for 2 h in TBS
(50 mM Tris—HCI, pH 7.5 and 150 mM NaCl) containing 0.1%
Tween 20 and 5% non-fat dried milk. The membranes were
labeled with anti-cytochrome ¢ (diluted 1:1000 in TBS contain-
ing 0.1% Tween 20) for 2 h at room temperature with gentle
agitation. After four washes in TBS containing 0.1% Tween 20,
the membranes were incubated with horseradish peroxidase-
conjugated anti-mouse IgG (1:2000) for 2 h at room temper-
ature. Protein bands were identified with the enhanced chemi-
luminescence detection using SuperSignal® West Pico
chemiluminescence substrate.

2.8. Measurement of caspase-3 activity

PC12 cells (2 x 10° cells/ml) were treated with MPP" for 24
h at 37 °C and caspase-3 activity was determined according to
the user’s manual for the ApoAlert™ CPP32/Caspase-3 assay
kit. The supernatant obtained by a centrifugation of lysed cells
was added to the reaction mixture containing dithiothreitol and
caspase-3 substrate (N-acetyl-Asp-Glu-Val-Asp-p-nitroanilide)
and incubated for 1 h at 37 °C. Absorbance of the chromophore
p-nitroanilide produced was measured at 405 nm. The standard
curves were obtained from the absorbances of p-nitroanilide
standard reagent diluted with cell lysis buffer (up to 20 nM).
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Fig. 1. Effect of glibenclamide on MPP"-induced cell death. In experiments A
and B, PC12 cells were pre-treated with glibenclamide or tolbutamide (GLB or
TOL, 1-20 uM) for 30 min, exposed to 500 pM MPP" for 24 h, and cell
viability was determined. In experiment C, cells were treated with 500 pM
MPP" in the presence of the scavengers (1 mM N-acetylcysteine [NAC], 10 pg/
ml SOD, 10 pg/ml catalase [CAT], 25 pM carboxy-PTIO [PTIO] and 30 pM
Mn-TBAP [MnTBAP]). Data represent the mean+S.E.M. of six replicate
values in two separate experiments. "P<0.05 compared to control (percentage
of control) and *P<0.05 compared to MPP" alone.
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One unit of the enzyme was defined as the activity producing 1
nmol of p-nitroanilide.

2.9. Measurement of intracellular reactive oxygen species
formation

The dye DCFH,-DA, which is oxidized to fluorescent 2',7’-
dichlorofluorescin (DCF) by hydroperoxides, was used to mea-
sure relative levels of cellular peroxides (Fu et al., 1998). PC12
cells (4x10* cells/200 pl) were treated with MPP" for 24 h at
37 °C, washed, suspended in FBS-free RPMI, incubated with
50 uM dye for 30 min at 37 °C and washed with PBS. The cell
suspensions were centrifuged at 412xg for 10 min and medium
was removed. Cells were dissolved with 1% Triton X-100 and
fluorescence was measured at an excitation wavelength of 485
nm and an emission wavelength of 530 nm using a fluorescence
microplate reader (SPECTRAFLUOR, TECAN, Salzburg,
Austria).

2.10. Measurement of total glutathione

The total glutathione (reduced form GSH+ oxidized form
GSSG) was determined using glutathione reductase (van Kla-
veren et al, 1997). PC12 cells (4x10% cells/200 pl) were
treated with MPP" for 24 h at 37 °C, centrifuged at 412xg
for 10 min in a microplate centrifuge and the medium re-
moved. The pellets were washed twice with PBS, dissolved
with 2% S-sulfosalicylic acid (100 pl) and incubated in 100
ul of the reaction mixture containing 22 mM sodium EDTA,
600 uM NADPH, 12 mM DTNB and 105 mM NaH,PO,,
pH 7.5 at 37 °C. Glutathione reductase (20 pl, 100 units/ml)
was added and the mixture incubated for a further 10 min.
Absorbance was measured at 412 nm using a microplate reader.
The standard curve was obtained from absorbance of the dilut-

A

ed commercial GSH that was incubated in the mixture as in
samples.

2.11. Statistical analysis

Data are expressed as the mean+S.E.M. Statistical analysis
was performed by one-way analysis of variance. When signif-
icance was detected, post hoc comparisons between the differ-
ent groups were made using the Duncan’s test for multiple
comparisons. A probability less than 0.05 was considered to
be statistically significant.

3. Results

3.1. Inhibition of MPP"-induced cell death and nuclear
damage by glibenclamide

The effect of various concentrations of glibenclamide on the
cytotoxicity of MPP' was assessed in PC12 cells that are
differentiated by nerve growth factor. PC12 cells exposed to
500 uM MPP" for 24 h exhibited about 51% of cell viability
loss. Glibenclamide significantly reduced the MPP"-induced
cell death concentration dependently with a maximum inhibi-
tion at 10 uM (48%); beyond this concentration, the inhibitory
effect declined (Fig. 1A). Despite the cytotoxic effect at 20 uM,
glibenclamide attenuated the cytotoxicity of MPP". Treatment
with glibenclamide (20 uM) alone caused 8% cell viability loss.
We examined whether antidiabetic sulfonylurea tolbutamide
also shows a protective effect on the cytotoxicity of MPP".
Similar to glibenclamide, the addition of tolbutamide signifi-
cantly reduced the cytotoxic effect of MPP" on PC12 cells and,
at 5 pM, it shows a maximal inhibitory effect (Fig. 1B). To
assess the cytotoxic effect of tolbutamide itself, PC12 cells
were treated with the compounds in the absence of MPP" for
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Fig. 2. Inhibition of MPP"-induced nuclear damage by glibenclamide. PC12 cells were treated with 500 uM MPP" in the presence of 10 uM glibenclamide (GLB). In
experiment A, cells were observed by fluorescence microscopy after nuclei staining with Hoechst 33258. Figure represents microscopic morphology of the control
cells (a), cells treated with MPP" (b), cells treated with MPP" and 10 uM glibenclamide (c), and cells treated with glibenclamide (d). (a)—(d) are representatives of four
different experiments. In experiment B, the 3’-ends of DNA fragments were detected as described in Materials and methods. Data are expressed as absorbance and
represent the mean+S.E.M. of six replicate values in two separate experiments. 'P<0.05 compared to control and *P<0.05 compared to MPP" alone.
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24 h. Although tolbutamide (20 uM) alone caused 9% cell
viability loss, it had an inhibitory effect against the cytotoxicity
of MPP".

We examined whether the toxic effect of MPP" against
PC12 cells is mediated by the actions of reactive oxygen
species and nitrogen species. Treatment with 1 mM thiol com-
pound N-acetylcysteine, 10 pg/ml SOD (a superoxide scaven-
ger), 10 pg/ml catalase (a scavenger of hydrogen peroxide), 25
UM carboxy-PTIO (a scavenger of nitric oxide) and 30 pM Mn-
TBAP (a scavenger of peroxynitrite and cell-permeable metal-
loporphyrin that mimics SOD) reduced cell death caused by
500 uM MPP" (Fig. 1C).

To assess apoptotic cell death due to MPP" and clarify the
inhibitory effect of glibenclamide on the cytotoxicity of MPP",
we investigated the effect of glibenclamide on the nuclear
morphological changes observed in the MPP"-treated cells.
Nuclear staining with Hoechst 33258 demonstrated that control
PC12 cells had regular and round-shaped nuclei. In contrast, the

27

condensation and fragmentation of nuclei, characteristic of
apoptotic cells, were evident in cells treated with 500 uM
MPP" (Fig. 2A). Glibenclamide (10 pM) decreased the
MPP "-induced nuclear damage, while the nuclear morphology
in cells exposed to glibenclamide alone was similar to that in
the control cells.

During the process of apoptosis, DNA fragmentation is
caused by activation of endonucleases. Fragmented DNA was
assessed by measuring the binding of ANTP to the 3’-ends of
DNA fragments and detection by a quantitative colorimetric
assay. PC12 cells were treated with 500 uM MPP" in the
presence or absence of glibenclamide. Control cells showed
absorbance of 0.219+0.006 (mean+S.E.M. of six experi-
ments), while exposure to 500 uM MPP" for 24 h increased
the absorbance about 2.7-fold (Fig. 2B). Glibenclamide (10
uM) significantly reduced the MPP " -induced increase in absor-
bance, while absorbance in cells treated with glibenclamide
alone was not significantly different from that in control cells.
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Fig. 3. Effect of glibenclamide on MPP"-induced loss of the mitochondrial transmembrane potential, release of cytochrome ¢ and activation of caspase-3. PC12 cells
were treated with 500 uM MPP" in the presence of 10 uM glibenclamide (GLB). Data are expressed as the percentage of cells with depolarized mitochondria for the
mitochondrial membrane potential (A), ng/ml for cytochrome ¢ release (B) and units for caspase-3 activity (C), and represent the mean+S.E.M. of three to six
replicate values in two to three separate experiments. "P<0.05 compared to control and *P<0.05 compared to MPP" alone. The levels of cytochrome ¢ in the
cytosolic fractions were analyzed by Western blotting with anti-cytochrome ¢ antibody (B). Data are representative of three different experiments.
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3.2. Effect of glibenclamide on MPP" -induced changes in the
mitochondrial membrane permeability

We assessed the cytotoxic effect of MPP" by investigating
its effect on the mitochondrial membrane permeability.
Changes in the mitochondrial transmembrane potential in
PC12 cells treated with 500 uM MPP" were quantified by
flow cytometry with the dye DiOCg(3). Exposure of PCI12
cells to MPP" for 24 h increased the percentage of cells with
depolarized mitochondria (characterized by low values of the
transmembrane potential). Glibenclamide (10 uM) significantly
inhibited the MPP " -induced increase in cells with depolarized
mitochondria, while the mitochondrial transmembrane potential
in cells treated with glibenclamide alone was not significantly
different from that in control (Fig. 3A).

The MPP*-induced changes in the mitochondrial membrane
permeability were assessed by measuring a release of cyto-
chrome ¢ into the cytosol and subsequent activation of cas-
pase-3. PC12 cells treated with 500 uM MPP’ showed a
significant increase in the cytochrome c release and activation
of caspase-3 activity. Glibenclamide (10 uM) significantly de-
pressed the MPP'-induced release of cytochrome ¢ and in-
crease in caspase-3 activity, while glibenclamide alone did not
cause significantly the cytochrome c¢ release and caspase-3
activation (Fig. 3B,C). The inhibitory effect of glibenclamide
on the MPP"-induced release of cytochrome ¢ was also identi-
fied by Western blot analysis.

3.3. Effect of glibenclamide on MPP"-induced formation of
reactive oxygen species and depletion of GSH

To determine whether reactive oxygen species are involved
in the MPP"-induced cell death in PC12 cells, we investigated
the formation of reactive oxygen species within cells by
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Fig. 4. Effect of glibenclamide on MPP"-induced reactive oxygen species
formation. PC12 cells were treated with 500 pM MPP" in the presence of
glibenclamide (GLB, 1-20 pM). Data are expressed as arbitrary units of
fluorescence and represent the mean+S.E.M. of six replicate values in two
separate experiments. "P<0.05 compared to control and *P<0.05 compared to
MPP" alone.
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Fig. 5. Inhibition of MPP*-induced depletion of GSH by glibenclamide. In
experiments A and B, PC12 cells were treated with 500 pM MPP" in the
presence of glibenclamide or tolbutamide (GLB or TOL, 1-20 uM). In exper-
iment C, cells were treated with 500 uM MPP" in the presence of the scavengers
(10 pg/ml SOD, 10 pg/ml catalase [CAT], 25 uM carboxy-PTIO [PTIO] and 30
UM Mn-TBAP [MnTBAP]). Data are expressed as nmol of GSH/mg protein and
represent the mean+S.E.M. of six replicate values in two separate experiments.
“P<0.05 compared to control and *P<0.05 compared to MPP" alone.
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monitoring a conversion of DCFH,-DA to DCF. PCI12 cells
exposed to 500 uM MPP" showed a significant increase in
DCF fluorescence. Glibenclamide (1-20 pM) inhibited the
MPP"-induced increase in DCF fluorescence and, at 10 pM,
it showed a maximum inhibition (Fig. 4).

Drops in cellular GSH levels increase the sensitivity of
neurons to the toxic effect of neurotoxins and are associated
with mitochondrial dysfunction (Chandra et al., 2000). We
investigated the effect of glibenclamide and tolbutamide on
the MPP -induced decrease in GSH contents. The thiol
content in the control PC12 cells was 5.27+0.09 nmol/mg
protein. Treatment with 500 pM MPP" for 24 h depleted
GSH contents by 48%. Glibenclamide and tolbutamide (1—
10 uM) significantly inhibited the MPP"-induced depletion
of GSH and showed a maximum inhibition at 5—-10 uM
(Fig. 5A,B). Although glibenclamide and tolbutamide at 20
uM decreased the GSH contents, both compounds signifi-
cantly attenuated the MPP'-induced GSH depletion. The
addition of antioxidant enzymes (10 pg/ml of SOD and
catalase), 25 uM carboxy-PTIO and 30 uM Mn-TBAP inhi-
bited the MPP"-induced depletion of GSH in PCI12 cells
(Fig. 50).

4. Discussion

Although rat PC12 cells are not brain dopaminergic neurons,
these cells are able to produce dopamine and express dopamine
transporter (Kadota et al., 1996). Upon nerve growth factor
stimulation, PC12 cells not only display abundant neuritic
growth, but also adopt a neurochemical dopaminergic pheno-
type. On the basis of the character of PC12 cells, we assessed
the cytotoxicity of MPP" against dopaminergic neurons using
the PC12 cells differentiated with nerve growth factor. The
cytotoxic effect of MPP" on differentiated PC12 cells was
determined by measuring cell viability, nuclear damage and
activation of caspase-3. Formation of the mitochondrial perme-
ability transition causes a release of cytochrome ¢ from mito-
chondria and subsequent activation of caspase-3 that is
involved in apoptotic cell death (Crompton, 1999). In this
study, the MPP "-induced apoptotic cell death in differentiated
PC12 cells was demonstrated by the condensation and frag-
mentation of nuclei and by changes in the mitochondrial mem-
brane permeability, leading to the cytochrome ¢ release and
caspase-3 activation.

The MPP" treatment elicits the respiratory chain inhibition,
leading to the formation of free radicals and the activation of
the mitochondrial permeability transition (Obata, 2002; Jenner,
2003). The MPP"-induced apoptosis in neuronal cells is me-
diated by loss of the mitochondrial transmembrane potential
and results in the release of mitochondrial cytochrome ¢ and
subsequent activation of caspase-3 (Cassarino et al., 1999;
Lotharius et al., 1999; Lee et al., 2002). In agreement with
these reports, in this study, PC12 cells exposed to MPP"
exhibit a mitochondrial dysfunction and result in the activation
of caspase-3. During the apoptotic process, drops in GSH
levels and concomitant increase in reactive oxygen species
are detected (Tan et al., 1998; Chandra et al., 2000). The

mitochondrial membrane permeability transition could induce
formation of reactive oxygen species and nitrogen species by
inhibition of respiratory chain (Brown, 1999; Fleury et al.,
2002; Polster and Fiskum, 2004). The formation of reactive
oxygen species in PC12 cells exposed to MPP" and the inhib-
itory effect of antioxidants, including Mn-TBAP and carboxy-
PTIO, suggest that MPP" induces the formation of reactive
oxygen species and nitrogen species in PC12 cells, and the
mitochondrial dysfunction due to MPP" is mediated by oxida-
tive stress.

Modulation of surface and mitochondrial K,rp channels
seems to provide a neuroprotective effect against chemical or
ischemic insults (Szewczyk and Marban, 1999; Busija et al.,
2004). Antidiabetic sulfonylureas have an inhibitory effect on
Katp channels in cells. Gliclazide has been suggested to reduce
hydrogen peroxide-induced cell death in mouse MIN6 p-cells
by a scavenging action on reactive oxygen species (Kimoto et
al., 2003). However, it has been shown that glibenclamide and
tolbutamide cause apoptotic cell death in cultured human pan-
creatic islet cells by closure of Karp channels (Maedler et al.,
2005) and in rat insulinoma cell line by enhancing influx of Ca*
* (Iwakura et al., 2000). In addition to this controversy, the
effect of glibenclamide on toxic neuronal cell injury has not
been elucidated. The aim of the present study was therefore to
assess whether glibenclamide modulate the mitochondrial dys-
function and cell viability loss due to MPP" in neuronal cells.
Glibenclamide and tolbutamide reduced the cytotoxicity of
MPP" with a maximal inhibitory at 5-10 uM; beyond these
concentrations, the inhibitory effect declined. The cytotoxic
effect at 20 uM supports results of the previous reports. There-
fore, the toxic effect of sulfonylureas themselves at the concen-
trations greater than 20 pM seems to decrease or nullify the
protective effect. With respect to the mitochondrial membrane
permeability, the present results suggest that glibenclamide
reduces the MPP'-induced cell death in differentiated PC12
cells by suppressing the loss of mitochondrial transmembrane
potential, cytochrome c release and subsequent caspase-3 acti-
vation. Depletion of mitochondrial GSH is demonstrated to
increase the formation of reactive oxygen species, and the
oxidation and depletion of GSH induce formation of the mito-
chondrial membrane permeability transition in rats (Constan-
tini et al., 1996; Chandra et al., 2000). In this study, the
inhibitory effect of glibenclamide on the MPP-induced cell
death approximately correlated with the effect on GSH de-
pletion. This finding was also observed in cells treated with
tolbutamide. Therefore, the depressant effect of glibenclamide
on the MPP'-induced changes in the mitochondrial mem-
brane permeability may be accomplished by its inhibitory
action on the enhancement of reactive oxygen species forma-
tion and depletion of cellular GSH.

Overall, the results show that treatment with glibenclamide
attenuates the cytotoxicity of MPP" in PC12 cells. Glibencla-
mide may reduce the MPP*-induced viability loss in PC12 cells
by suppressing changes in the mitochondrial membrane perme-
ability, leading to the activation of caspase-3, which is associ-
ated with the increase in formation of reactive oxygen species
and the depletion of GSH.
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